OBJECTIVE -To describe the age-and sex-specific mortality in a cohort of young type 1 diabetic patients and to analyze the causes of death with special focus on suicide, accidents, and unexplained deaths.
A lthough the main part of excess mortality in type 1 diabetes is due to long-term complications, an excess death rate has also been reported from several countries in case subjects with short duration without signs of long-term complications (1) (2) (3) (4) . Except for the mortality caused by onset ketoacidosis or diabetic ketoacidosis after onset, part of the excess mortality has been unexplained deaths in bed (3) .
It has been made clear in experimental studies that car driving skills may be affected by hypoglycemic episodes (5) . Restrictions are also put on driver's licenses, especially type 1 diabetic subjects in Europe. The epidemiological evidence of accidents in general or traffic accident incidence among diabetic compared with control subjects has been controversial (6 -9) .
In the present study, we studied survival of children who were diagnosed with diabetes at age 0 -14 years during the period of 1 July 1977 to 31 December 2000 by linking the Swedish Childhood Diabetes Register with the Swedish Cause of Death Register. From this nationwide cohort of Ͼ10,000 individuals, we describe the age-and sex-specific mortality rate and analyze suicide, accidents, and unexplained deaths as the causes of death in a case-control design.
RESEARCH DESIGN AND METHODS -The research ethics committee, Umeå University, and the National Board of Health and Welfare in Sweden approved the investigation. Since 1 July 1977, in collaboration with all pediatric clinics in Sweden, recent-onset diabetic children are recorded in the Swedish Childhood Diabetes Register (10) . The ascertainment of case subjects in the register varies between 96 and 99% (11, 12) . By December 2000, a total of 10,200 children were recorded. This case register was linked to the official Swedish Cause of Death Register. For all 78 deceased case subjects thus identified, death certificates were obtained. In addition, for all case subjects with an unclear diagnosis in death certificates, especially those who died at home and with unexplained death, hospital records and/or forensic autopsy reports were obtained. The ketoacidosis diagnosis was verified in autopsy protocols of patients who did not die in hospital and was mainly based on high levels of ketone and glucose in urine and femoral vein blood. For calculation of standardized mortality rates, we used the official Swedish population register, Statistics Sweden. Neonatal deaths (before 1 month of age) were excluded, since no diabetic case subjects had an onset before 1 month of age.
For the analysis of the excess risk of specific diagnoses, we selected from the Swedish Cause of Death Register for each deceased diabetic case subject five control
subjects, matched by age, sex, and year of death. A total of 378 matched referents were obtained; 5 of them had a diabetes diagnosis and were excluded. We obtained and scrutinized the death certificates of 371 of 373 eligible individuals (two certificates missing). In case of uncertain diagnosis as noted in the certificates, we received hospital records and/or autopsy protocols. Among the diabetic subjects, two individuals had died abroad without autopsy and with no diagnosis and were excluded from analyses. Similarly, seven referent deaths were excluded for this reason.
Statistical methods
Standardized mortality rates (SMRs) were calculated using the indirect method and 95% CIs based on exact Poisson distributions. Frequencies were compared using Fisher's exact test, and differences were expressed as odds ratios.
RESULTS -A total of 78 case subjects, 49 males and 29 females, had died over the 81,600 person-years of observation and with a mean duration of diabetes of 8.2 Ϯ 7.1 years (range 0 -20.7). The mean age-and sex-SMR was 2.15 (95% CI 1.70 -2.68). The SMR was higher among females than males (2.65 vs. 1.93, P ϭ 0.045). Mean age at death was 15.2 Ϯ 8.6 years (range 1.2-27.3). Table 1 shows SMRs for different ages at onset and different ages at death. Children with an onset before the age of 2 years had an excess death rate of more than four, whereas for other age-at-onset groups the death rate was about doubled. The excess mortality in type 1 diabetic children younger than age 10 years was approximately three times. Table 2 shows the mortality in relation to duration of diabetes. A peak in mortality is indicated at 10 -12 years of diabetes duration. Table 3 shows the causes of deaths. Twenty-three deaths were clearly related to diabetes. Mean age at death in this group was 15.1 years (range 1.2-27.3) and mean duration of diabetes 8.2 years (range 0 -20.7). Six were onset deaths. Among them, five children were younger than age 4 years, and one was age 14 years. Fourteen deaths were due to diabetic ketoacidosis. Four of them were treated in hospital, and two of them had the additional diagnosis of cerebral edema. Ten case subjects with an autopsy diagnosis of diabetic ketoacidosis were found at home, all living alone. Among the three remaining diabetes-related deaths, one was found with severe alcohol intoxication with strong suspicion of hypoglycemic death, and two case subjects (both with acute coronary infarction) had a diagnosis related to late diabetes complications.
Causes of death among diabetic subjects
A total of 20 deaths were classified as having an uncertain relationship to diabetes. Two of the diabetic subjects died in hospital with a diagnosis of pneumonia and bronchitis, with diabetes as a contributing cause of death. One death was associated with psychiatric disease and was described to have occurred in hospital during a hyperventilation attack. As many as 17 cases of diabetic subjects were found deceased in bed at home, without any cause of death found at thorough forensic autopsy. In all of these cases, the protocols were scrutinized. Blood and urine glucose were not high. In a few cases, glucose was estimated in eye chamber water with no clear sign of hypoglycemia. All these case subjects were found deceased in bed by close relatives, and the deaths were quite unexpected. Mean age at death in this group was 18.1 years (range 11.4 -25.1) and mean diabetes duration 8.2 years (range 2.6 -12.6).
Thirty-three patients died with a diagnosis not related to diabetes, of which seven were obvious suicides (four males and three females). Suicide methods were mainly hanging or headshot for males and intoxication of medicines for females. Fourteen case subjects died of other violent causes; nine died in traffic accidents, three drowned, and two had accidents at work. In the group with traffic accidents, mean age was 17.6 years (range 11.4 -23.3). One (11.4 years) was bicycling, four were motorcycle drivers, and the others were car drivers.
Case-control analysis There were 98 deaths from traffic accidents among the 364 age-and sexmatched control subjects, which gave an odds ratio for traffic accidents with diabetes of 1.02 (95% CI 0.40 -2.37). Fiftyfour control subjects had clearly committed suicide. The odds ratio for suicide when having diabetes was 1.55 Table 3 . Notably, 10 of 364 control subjects died from an overdose of narcotic drugs, whereas none of the diabetic subjects had this diagnosis. Among the control subjects, except for seven who died without diagnosis in a foreign country, only two individuals died with a diagnosis, which could not be classified despite a thorough autopsy; one was a 19-year-old female and the other a 17-month-old male. Both were found deceased in bed. One hundred and fifty of the 364 control subjects died from traffic accidents, drowning, or other accidents compared with 14 of 33 deaths without relationship to diabetes among the diabetic subjects, which gives an overall odds ratio for accidents of 1.05 (95% CI 0.47-2.29).
CONCLUSIONS -T h e p r e s e n t large population-based study shows that in spite of a well-developed health care system, Sweden, like many other developed countries, still reports significant excess mortality in type 1 diabetic patients before the development of late complications. While a large geographic variability in early mortality among type 1 diabetic patients has been shown (4,13), the ageand sex-standardized mortality ratio around two subjects found in our study is similar to previous reports from Sweden and other Nordic countries (1-3). A more than fourfold increase in death rate found among the youngest children, and mainly depending on onset death, underlines the importance of knowledge about the diagnosis and treatment of this disease in the youngest children. There was a significantly higher standardized mortality among females, probably reflecting that diabetes-related deaths in this age-group are not sex related, whereas young males have a higher death rate than females in the general population.
In the present study, we thoroughly analyzed the causes of death where clearly diabetic ketoacidosis is the most common diabetes-related cause. The majority of onset deaths were associated with signs of cerebral edema, as was two of the four ketoacidosis deaths treated in hospital several years after the of onset of the disease. It is notable that 10 case subjects were found deceased in their homes but were given an autopsy diagnosis of diabetic ketoacidosis. These were young adults with duration of diabetes of many years and with access to modern home blood glucose and urinary glucose testing. Such tragic deaths should have been avoidable, unless they were not intended. This possibility points to a need of improved psychosocial support in the care of these young type 1 diabetic patients.
A total of 33 deaths were classified as not related to diabetes. Certainly this classification is difficult when based on ICD codes only (14) . In our study, we collected individual death certificates as well as detailed autopsy reports and hospital records. Cases classified as not related directly to diabetes were obvious suicides, accidents of different kinds, and some lethal diagnoses such as leukemia, cystic fibrosis, and severe inborn syndromes. In the case-control analysis, we found a statistically nonsignificant tendency to excess mortality of clear suicide deaths in the group of diabetic subjects. In addition, as mentioned above, suicides might have been hidden behind other diagnoses, such as ketoacidosis.
Hypoglycemia and driving accidents have been of great concern, since hypoglycemic episodes produce cognitive motor slowing, which may interfere with driving performance (5) . Whether this actually leads to a higher incidence of car accidents has been controversial (6 -9,15-17) , and the discussion on drivers licensing in insulin-dependent diabetic subjects is continuing (18, 19) . In our population-based dataset covering highrisk groups for traffic accidents, we could not confirm an excess mortality. This does not exclude that involvement in accidents might be more frequent among diabetic subjects; still, the number of events was small. Young people with diabetes may be aware of the risk and may be competent to handle it properly. Also, other types of accidents have been discussed to be more prevalent among insulin-dependent diabetic subjects, but in our study no excess mortality for such reasons was noted.
Despite thorough postmortem examinations, the cause of death could not be explained in as many as 17 of these young individuals found deceased in bed in their homes compared with only 2 of 364 control subjects. This confirms the original observation by Tattersall and Gill (20) that young and otherwise apparently healthy individuals seem to run a significant risk of sudden death during sleep due to their diabetic state. Indeed, unexplained death in bed was the second most common cause of death diagnosis, comprising 22% of all deaths in this cohort. People found deceased in their homes undergo forensic autopsy according to the Swedish law. Careful examinations are then performed to exclude causes such as intoxication. The difficulty to objectively assess low blood glucose postmortem is well known, but it is still hard to believe that hypoglycemia without concomitant alcohol intoxication would lead to death, except in certain individuals who may have a dysregulation of the counterregulatory system. Another potential mechanism that has been discussed is that hypoglycemia may trigger cardiac arrhythmia and death (20) . Large epidemiological studies focusing on these unexplained deaths in young type 1 diabetic patients are warranted to find about this potentially avoidable death.
In conclusion, there is still a significant excess mortality in young type 1 diabetic patients with a short duration, where onset deaths due to ketoacidosis, especially in young children, are important to prevent. We found no clear indications of excess violent deaths or suicide. The large proportion of unexplained deaths in bed must be a focus of further studies.
